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Work carried out during the period can be given under the following headings:

(z)

(2)

(3)
()

(1)

(2)

Computation of Electronic Wave Functions of Different States of
Diatomic Molecules. (Continued work of the previous report.)

Thomas-Fermi Statistical Method for Atoms and Molecules.

New Techniquesfor Diagonalization of Matrices.

Electron Paramagnetic Resonance, Nuclear Magnetic Resonance,
Quadrupole Resonance Studies of Well-defined Systems and Imperfect
Crystals.

COMPUTATION OF ELECTRONIC WAVE FUNCTIONS OF DIFFERENT STATES OF
DIATOMIC MOLECULES
By E. J. Delorenzo and P. C. Sahni

In the previous report we gave the procedure for computing different
states of diatomic molecules. We stated in our earlier reports that although
ground state functions of diatomic molecules have been computed, very little
progress about the theoretiecal work of the ionized and excited states of
diatomic molecules has been so far reported from any other center. We have,
therefore, carried the work on the ionized and excited states very carefully
comparing our data with the available experimental data. We have faced
several difficulties in our work involving convergence and self-consistency

of results. We are happy to report that we have overcome all these diffi.
culties and we have now cobtained reliasble results. We intend to send
shortly the following papers for publication:

1) Calculation of the Wave Functions, of Ionized States, Vertical

Ionization Potentials and Adiabatiec Ionization Potentials of
CO, N, O, and NO Moiecules.

2) Caleulation of the Wave Functions, of Lower Excited States,
Vertical Excitation Energiles and Adiabatic Excitation Energies
of CO, N 0 and NO Molecules.

THOMAS-FERMI STATISTICAL METHOD . FOR ATOMS AND MOLECULES
by R. C. Sehni and ¥ranz-Josef Heinen

In the previous report we gave a brief summary of the statistical method
of atams. We also mentioned smme of the difficulties that arise by including
exchange forces in this method. Before tackling this problem and extending
it to molecules, we have revieved the whole literature and have eritically
examined different approaches to this problem. Most of the work on the
statistical method exists in German and French literature. There is no book




(3)

(%)

availsble in the English literature d;aling with the statistical method.
Since this method will be very useful in a number of problems such as
molecular structure and Plasma Physics, we are preparing a review article
which will form the basis of our further work on this method.

NEW IMPROVED TECHNIQUESFOR DIAGONALIZATION OF MATRICES
by C. D. IaBudde

Two new classes of algoritims for finding the eigenvalues and eigen-
vectors of real symmetric matrices are described. The algorithms described
are essentially Jacobi-like iterative procedures employing Householder
orthogonal similarity transformations and Jacobi orthogonal similarity
transformations to reduce a real symmetric matrix to diagonal form. The
convergence of the first class of algorithms depends upon the fact that
the algebraic value of one diagonal element is increased at each step in
the iteration and the convergence of the second class of algorithms de-
pends upon the fact that the absolute value of one off-dlagonal element is
increased at each step in the iteration. Then it is shown how it is pos-
sible to combine one algorithm from each class together into a "mixed”
strategy for diagonalizing a real symmetric matrix.

ELBJ'RON PARAMA@MIC RBONANCE NUU.LEAR MA(B!EI'ICRBONABCE AND

During my discussions at the National Aercnautics and Space Adminis-
tration University Conference in Chicago and my visits to other National
Aeronautics and Space Administration Centers, I find there was much interest
in the above mentioned fields because of their application to materials.
Since these fields are outgrowths of Quantum Chemistry, therefore, I have
included them in our research program. These studies will be helpful to
our general study of the molecular structure and vill also indicate the
importance of our basic work on atoms and dilatomic molecules to other fields.

PROGRAMS FOR ELECTRONIC DIGITAL COMPUTERS

The group has utilized the following electronic canputers for studying

various problems:

1)

2)

3)

TOS0 IBM Electronic Digital Computer, Institute for Space Studies,
475 Riverside Drive, New York, N.Y.

1620 IBM Electronic Digital Computer, New York University,
' University Heights, New York 53, K.Y.

1604 CDC Electronic Digital Computer, New York University,
: - University Heights, New York 53, N.Y.



i)

2)

3)

»
The following programs vere prepared for differeni computers:

Programs using Linear Cambination of Atomic Orbitals, Self-Consistent
Field Methed of Computing VWave Functions of Different States of
Diatomic Molecules for 1620 Electronie Computer

by Bugene Pelorenzo

A program of Diagonalization of Matrices Using Dr. LaBudde's Method
for 7080 Electronic Computer
by M. D. Sawhney

A program of Diagonalization of Matrices Using Jacobi's Method for
7080 Electronie Computer
by Franz-Josef Heinen and R. S. Bawa

GROUP ACTIVITIES

1) Dr. R, C. Sahni and Dr. FPranz-Josef Heinen attended the Nationsl Asronautics
end Spcee Administraticon University Conferance on the Seience and Technology
of Space Exploration in Chicago, Illinois, November 1 - 3, 1962.

2) Dr. R. C. Sehni visited the Universities of Chicago and Columbus, Ohio, for
discussions on Molecular Structure, June 8 - 14, 1963.

3} Dr, R. C. Sahni was invited to give a paper at the American Scciety for
Testing and Materials Conference in Atlantic City, New Jersey on June
25, 1963 on the following topiec:

“Comparison of Electron Paramagnetic Resonance Studies
of Well Defined Systems and Irradiated Substances.”

4)  Dr. C. D. laBudde and other members of the group attended the Mathematical
Society Meeting in New York on May 27, 1963 eand had fruitful discussions
with 8 mmber of scleantists including Dr. A. S. Householder.

5) Dr. C. D, LaBudde was invited to give a talk on his Method of Dlagonalization
of Matrices at the International Business Machines Center, Time and Life
Bullding, New York, New York on June 19, 1963.

PUBLICATIONS
The following papers have been accepted for publication:

1) Comparison of Electron Paramagnetie Resonance Studies of Well Defined Systoms
and Irradiated Substances

by R. C. Sahni
Journal American Society For Testing and Materials (in press)
2) The Reduction of an Arbitrary Real Square Matrix to Tri-diagonal Form Using

Similarity Transformation
Mathewatics of Computation {(in press)




3)

1)

3)
L)

5)

A New Algorithm for Diagonalizing A Resl Symmetric Matrix
by Dr. €. D. IaBudde
Mathematies of Computation (in press)

The follovwing papers are being prepared for publication:

Comparison of Different Methods of Diagonalizing A Matrix
by M. D. Savhney

Quantum Mechanical Study of Ionized States of Scme Diatomic Molecules
by Bugene Delorenzo and R, C. Sahni

Quantum Mechanical Study of Lower Exeited States of Some Diatomic Molecules
by R. C. Sahnil and Eugene Delorenzo

Thomas-Fermi Statistical Method of Atoms and Molecules; {a review article)

by R. C. Sahni and Franz-Josef Heinen

Two New Classes of Algoritlms for Finding the Eigenvalues and Eigenvectors
of Real Symmetric Matrices
by C. D. LaBudde



